Maize is a widely grown cereal after rice and wheat and contributes almost 5% to the global dietary supply. In the Eastern Gangetic Plains (EGP) including India, Bangladesh, and Nepal, maize is an emerging cash crop, because of its high yield potentiality and also the favorable climatic conditions which allow maize production round the year. In Bangladesh, area and production of maize are escalating due to the increasing demand for poultry, livestock, and fish feed, and fodder for animals and starch industries in the region. Presently, more than 90% of maize is planted by manual dibbling following 5-6 intensive tillage, which increases the cost of cultivation. The conservation agricultural (CA)-based new agricultural practices could overcome those above challenges. CA is cost-effective and environmentally friendly; however, weeds are one of the key challenges in the system. The chapter described the uses of herbicides in different ways of combinations to make effective weed control in CA-based maize to achieve potential production and profits by reducing the intensive pressure of manual weeding. The efficient and right use of pre-plant/sowing, pre-and post-emergence herbicides and their combination may be the best way for effective control of weeds in maize production.
Introduction
Maize (Zea mays L.) is the third most important cereal after rice and wheat, which is widely grown in the world and used as a primary staple food in many developing countries. The area and production under maize in the world in 2013-2014 was 177 m ha with 967 Mt. production and contributed almost 5% of
Importance of tillage options on weed infestation in the crop field
Weed management strategies are the key to success of the conservation agriculture based crop production especially at the beginning of 2 years. With the shift from conventional agriculture to conservation agriculture there will be a shift dynamic change in weed species, population and diversity. Therefore, initial weed management is an important phenomenon through integrated weed management approaches like stale seed-bed, mulch, and adjustment in planting dates, biological and mechanical control and effective combination use of herbicides. The many long-term studies clearly indicated that if the proper weed management options adopted at initial 2 years then the weed population significantly reduced with time under CA-based practices than conventional practices [17] [18] [19] . Tillage systems affect the composition of weeds in a field [20] . Typically, perennial weeds in conventional tillage systems cannot be fixed due to repeated plowing but alteration of soil between the surface to sub-surface exposes new weed seeds. In the other hand, the perennial weeds are more prominent initially in CA-based tillage but also broadleaf weeds may be prominent due to the light-weight and density of seeds which remain on the surface facilitate for conducive germination environment.
The several studies showed that Phalaris minor populations significantly reduced under zero tillage but broadleaves especially Rumex found increases [21] [22] [23] . A recent study in the EGP suggested, if initial weeds are not managed properly then Polygonum species and sedges dominated under CA systems. However, perennial weeds in these systems, the plant roots are not pulled out shall be subject to the complete eradication [24] may regenerate again. [25] reported that dry weight of weeds in crops without plowing method compared to conventional tillage crops decreased by respectively 61 and 77%. Another earlier findings [26] observed that nutrients uptake by crops under CA systems was enriched when weeds was in CA-system were reduced. CA-based agricultural systems conserve the soil health through improving the soil organic matter as well as soil microbial finally leading for the higher productivity of crops [27, 28] .
Major weed species in association with maize
Infesting weed species in crop field generally depend on crop species, cropping systems and their management practices, environmental conditions, seasonal variation, soil properties, nutrients and moisture status as well as soil types. The Eastern Gangetic Plain (EGP) as known for high weed seed bank in soils especially lower EGP (Bangladesh and West Bengal) due to flash and steady floods bring weed seeds from distance in their catchment areas. The weed species also highly depend on seasons as maize is grown round the year in three seasons i.e. Kharif (Monsoon; June-September), Rabi (Winter; November-May) and Kharif 1 (Spring; February-June). The high weed seed pressure and diversity make more difficult to manage weeds manually in conservation agriculture as well as also in conventional agriculture. [32, 33] .
A field experiment found that the most dominant weeds in maize field were sedge C. rotundus and dicot weeds T. portulacastrum, D. arvensis, P. niruri and grass C. dactylon [34] . In USA, it observed the most common broadleaves weed species in a maize crop were Chenopodium album, Asclepias syriaca, Ambrosia artemisiifolia, Physalis heterophylla and Polygonum rensylvanicum and the most common grasses were Elymus repens and Setaria pumila [35] . In another studies conducted on sandy loam soils at Hyderabad, India [26, 36] , revealed that among the major weeds in maize field E. colona (grasses), E. crus-galli, Paspalum distichum, C. rotundus (sedges), Ageratum conyzoides and T. portulacastrum, Sonchus oleraceus, Acalypha indica, Eclipta alba and Parthenium hysterophorus (broad-leaved) were the predominant weeds. A 3 years field survey in Andhra Pradesh of India also confirmed that most dominant weed species in maize field were E. colona, followed by P. repens, T. portulacastrum, and D. arvensis [37] .
The critical period of crop-weed competition
The critical crop growth stages considers as the most vulnerable period for cropweed competition, during which crop must be weed free in order to prevent yield losses. Earlier studies observed [38] [39] [40] that the critical period of weed control in maize ranges from 7 to 56 days after seedling emergence. Other studies also reported [41] [42] [43] [44] [45] [46] , the critical period usually corresponds for maize up to 8-10 leaf stages. Wider canopy spacing and slow-growing nature of the maize crop should control weeds in first till 21-28 days after sowing for free from crop-weed competition and it was also suggested that if the weeds are not control within the critical crop growth stages, the yield losses may occur 30-100% [47, 48] .
Weed species, densities, and their interactions influence maize yield loss [49, 50] . Weed plants compete with maize for their essential growth resources like water, nutrients, space etc. which ultimately reduce the yield up to 65% when weeds control measure was not performed at critical crop growth stages [46] . While, some problematic weeds species as they are similar in nature and life cycle of maize are difficult to control. Massinga et al., [51] reported that the yield reduction in maize could be 91% by competition if more than eight amaranth (Amaranthus palmeri S. Wats) plants per meter row length.
Weed control in zero-till maize by chemical measures
In maize production, weed management is considered as an important agronomic measure for attaining the potential yield. To minimize the maize yield loss due to weed competition, farmers are practicing several methods for controlling the weeds are available such as mechanical, cultural, biological and chemical control methods. The cultural methods are very expensive and time consuming so, farmers have to move towards other alternative methods of weed control [10] . Furthermore, due to the increasing cost and non-availability of labour for manual weeding during peak and critical maize growth stages significantly influence the maize yield. The role of herbicides is not only control the weeds timely and effectively, but also offer a great scope for minimizing the cost of production [10] . The chemical control method is quick, more effective, time and labour saving method than others [13] . However, it is important to use a broad-spectrum herbicide program including preand post-emergence herbicides for season-long effective weed control and to avoid shifts towards problematic weed species [32] or evolution of herbicide-resistant weed biotypes. On the other hand, it is decisive to select the appropriate weedicide depending upon the weed flora exist in a given field. In addition, the precise dose, methods, weed growth stage, timings, soil moisture and application techniques should be followed. A number of herbicides have been evaluated in sequential Chemical Weed Management in Maize (Zea mays L.) under Conservation Agricultural Systems… DOI: http://dx.doi.org /10.5772/intechopen.89030 combination and suggested pre-and post-emergence herbicide application for effective weed control in dry direct drill-seeded rice systems, including under zerotillage conditions [17] . Use of pre-sowing, pre-and post-emergence application of herbicides would make herbicidal weed control more acceptable to farmers which will not change the existing agronomic practices but will allow for complete control of weeds under CA based management practices. Pre-emergence herbicides spray will control the weeds up to 25 days after seeding and followed that post-emergence application depending on weed flora will take care to keep weeds below crop injury level. Pre-planting, pre and post-emergence herbicides either in sequential or tank mixture will be taken care of all types of weed flora an ideal means in view of economics and usefulness in maize [17, 31, 32 ].
Effect of pre-sowing herbicides on weed control of maize
Generally, pre-sowing/planting herbicides are non-selective which are applied to control prevailing complex annual and perennial weeds flora erstwhile to planting, particularly under the CA-based cropping system. Among them, herbicide Glyphosate (1 kg ai ha −1 or 0.5-1.5% by volume), Glucofosinate, or dicamba and Paraquat (0.5 kg ai ha −1 or 0.5% by volume) are the most widely applicable herbicides [52, 53] . Where Glyphosate and Paraquat herbicides are available and popular as these are systemic non-selective and contact herbicides, respectively, and kill both annual and perennial weeds. To be effective, the systemic (Glyphosate) should be applied when weeds are growing actively so that the herbicide is absorbed and translocated into the entire plant system [17] , but contact herbicide (Paraquat) can be applied just before the sowing.
Currently, the present rates of many herbicides do not work properly against many weeds, due to their resistance against the target weeds. Therefore, it is important to apply a new product to be available earlier than normal in order to maximize the contribution of residual weed control after crop emergence. The earlier study found that if the pre-sowing herbicide is applied before planting and is incorporated in the soil with light tillage, the efficacy of the applied herbicides was found the maximum [54] .
Effect of pre-emergence herbicides on weed control in maize
When herbicides apply immediately or 1-4 days after maize seeds sowing, and it can be also mixed with soil during sowing, but it must be applied before weed seed emergence, are known as pre-emergence herbicides. Earlier findings [55] showed that pendimethalin can be applied as pre-emergence to get maximum weed control efficiency and crop selectivity by decreasing the weed population and increased the maize grain yield over the weedy check field [56] . Thus, Mekky et al. [57] reported that when pre-emergence herbicides were applied immediately after seed sowing or pre-emergence, weed control efficiency was the maximum and also increased the maize yield.
A field experiment in the clay loam soils of Guntur, Andhra Pradesh (India), with zero tillage maize found that atrazine 1.5 kg ha −1 applied at pre-emergence followed by (fb) manual hand weeding (HW) at 30 DAS recorded the tallest plant and the maximum dry-weight over un-weeded check at all stages of crop growth [30] . Scientist [26] reported that when maize was grown under zero till condition with pre-emergence herbicides atrazine at 1.0 kg ha −1 and topramezone 0.030 kg ha −1 in combination of two hand weeding at 20 and 40 DAS was produced significantly higher plant height, dry matter production of maize.
Recently, a study conducted in a clay loam and sandy loam soils of Bangladesh as a weed management strategy in pre-emergence and post emergence combinations and results showed that the even application of both Pendimethalin and atrazine separately reduces the weed biomass, weed population at 30 days after seeding which further provided better crop yield [58] . In another study clay soils of Rajendranagar (Telangana, India) was found that the highest crop dry matter was recorded with two times HW (at 20 and 40 DAS), which was at par with pre-emergence atrazine at 1.0 kg ha −1 + paraquat 0.60 kg ha −1 , followed by oxyfluorfen 0.150 kg ha −1 + paraquat 0.60 kg ha −1 [59] . The sequential application of pre-emergence followed (fb) protected spray of non-selective herbicide (Atrazine as pre-emergence at 1.25 kg ha −1 fb Paraquat 0.6 kg ha −1 at 3 weeks after sowing (WAS) or Pendimethalin as pre-emergence at 1.5 kg ha −1 fb Paraquat 0.6 kg ha −1 at 3 WAS) produced the significantly higher yield than weedy check [60] . An experiment was conducted with application of atrazine or glyphosate herbicide alone and tank mix application of selective (atrazine) and non-selective (glyphosate) herbicides and found that the grain yield was 170 and 70% more when atrazine + glyphosate (5.25 kg ha −1 ) were applied as tank mixture than weedy check and sole application of atrazine or glyphosate, respectively [26] . Similar to previous study, a field research in the sandy clay loam soils of Kampasagar (Telangana, India) reported that when atrazine 1.25 kg ha −1 + paraquat 0.75 kg ha −1 were applied as a pre-emergence in tank mixture produced the significantly maximum grains cob −1 , cob diameter and 100 grain weight than other herbicides [61] . Similar grain yields were recorded when applied atrazine alone as pre-emergence 1.25 kg ha −1 (6.7 kg ha −1 ) and atrazine 1.25 kg ha −1 + glyphosate 0.5 kg ha −1 (7.0 kg ha −1 ) as tank mixture of pre-emergence.
Effect of post-emergence herbicides on weed control in maize
Application of herbicides after the emergence of maize and weed are wellknown as post-emergence herbicides. Generally, post-emergence herbicides spray/ apply in standing crop targeting weeds canopy by using the sprayer equipment.
The most popular/well-known herbicides which have been found to be effective when applied as a post-emergence for effectively control of weeds in CA-based maize system are Atrazine, Tembotrione (Laudis), Halosulfuron methyl (Sempra), Tembotrione (Laudis) + Atrazine, Halosulfuron methyl (Sempra) + Atrazine [58] . Earlier findings [62] revealed that pre-emergence herbicides pendimethalin and atrazine reduced the grassy and broadleaves weed population to a significant extent and among the pre-emergence herbicides, later (atrazine) resulted in a higher reduction in grass weed population at the early stage (20 days after seeding) than former (pendimethalin). But further he suggested, the post-emergence herbicides, the mixture of tembotrione + atrazine was more effective in controlling all classes of weed flora at 40 and 60 DAS. Tembotrione alone also showed good control of grasses and broad-leaved weeds. Atrazine as pre-emergence followed by (fb) tembotrione + atrazine as post-emergence found best combination and this combination reduced the weed dry matter to the tune of 98.7 and 97.9% at 40 and 60 DAS, respectively which ultimately resulted in significantly higher grain yields (11.57 t ha −1 ) with maximum net returns.
However, when a single herbicide is used for a long time for controlling the same weeds it may create resistance against the specific weed(s). Therefore, long term basis continuous use of the same herbicide should be avoided. So, it should be rotated with the use of multiple herbicides with a different mode of action to avoid/ delay weed resistance against specific weeds.
Chemical Weed Management in Maize (Zea mays L.) under Conservation Agricultural Systems… DOI: http://dx.doi.org /10.5772/intechopen.89030 Scientists found that application of two or more compatible herbicides use as a tank mixture are more effective to control broaden the spectrum of weeds including grasses, broadleaves, and sedges than a single application [11, 63] . In the USA, Atrazine has been used since 1958 in several million hectares of maize field due to its low cost, control of a broad spectrum of broadleaf weeds, flexible application timing, and also can be used as both pre-and post-emergence in combination with several other herbicides. As a result of long-term and continuous use, the atrazine was found in accumulation in food products, groundwater, and aquatic systems [64] . Therefore, we should be careful to know the residual effect of applied herbicides when using the as short term as well as long term.
Precautionary measures during application of herbicides in the crop field
Herbicides are chemical compounds used to control weed species but could also phytotoxic to crops and harmful to animals through entering direct or indirect in food chain. Therefore, herbicides should be carefully selected considering the toxicity, residual persistence in soil and water bodies as well as cropping systems. The herbicide residual persistence can be affected the succeeding crops in a crop rotations and also the runoff of rain water from crop fields to water bodies which may cause the lethal and hazardous to water organism and human beings [65] . However, non-target living organisms that come to direct contact with weedicides can be harmful or poisonous especially if they have carry the chemical of the toxic action [66] . Therefore, while working with herbicides poses an always chemical poisoning risk to exposed workers if precaution measures are not properly followed.
With the use of herbicides, there is a certain risk of intoxication to directly exposed environment, food product, workers, as well as applied crops, since it depends on numerous factors. Therefore, before application of any herbicide, its short and long term toxicity/risk factors should be considered. The risk of worker intoxication with pesticides and herbicides, depends on several factors as how they will be handled and used. It can be grouped under two major factors; the toxicity of the respective herbicide and how it was exposed under specific working condition [66] . Therefore, it is an important to must follow the safety and health management guidelines while working and using the herbicide at all steps as set out by the industrial hygiene [67] . The steps are the ability to antedate, identify, diagnose, evaluate, and minimize the risks in the workplace. Therefore, the Preventive safety measures of worker(s)/personnel such as psychological measures; administrative: legislation, standards, and procedures; and hygiene, cleaning, maintenance, and safety of the environment also important during selection and application of pesticides [68] .
Conclusion and policy implication
From the above discussion of the chapter, it is confirmed that weeds are the major challenge in CA crop production systems, where almost 16 to 42% yield reduction is occurred due to weed infestation and one-third of the total cost of cultivation is spent on weeding. On an average of 13.1% of crop reproduced is actually lost in the farmers' fields even after adopting in traditional weed control. The zero/strip-tilled/permanent beds or till the soil with fresh beds based crops production system is an alternate option through mechanized precision planting within a single pass. Although, the CA-based crop management techniques will be faced the major concern of weed management initially. Therefore, proper weed management is considered one of the most important prerequisites in CA-based crop cultivation systems including maize to ensure high crop yield. High weed pressure in association with maize, increase to lower the economic returns and, in extreme cases complete failure of the crop. Hence, judicious weed management in CA system is a critical factor for securing and sustaining food security. While, number of repetitive tillage operations increase the cost of cultivation, fuel consumption and delays planting in two ways by repetitive tillage operations followed by manual sowing. After post seeding of maize, farmers are facing major challenges for weed management due to lack of pre-sowing, pre-and post-emergence herbicides.
Since the traditional weed management in maize systems after 30-35 days after seeding; generally, farmers cut the weeds with hand weeding which further consumed more labour or sometimes usually reluctant to control weed in the maize field. However, sometimes they weeded by hand, which proves uneconomical due to be increasing labour wages as well as lack of labours due to migrating from the villages to urban areas for better livelihood. The hand labour based weeding in many developing countries consumes up to half of the total labour demand. Therefore, CA-based new agronomic management practices may be advocated to overcome the above challenges. To address the weed management problems in CA-based maize production under no-till systems with different chemical weed control is a potential means for controlling weeds and more economical compared to hand weeding. Now some herbicides are available in the market for controlling weeds since these should be needed to validate for controlling weeds as well as to know their residual effect on the environment.
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